Abstract. The prognosis of oral squamous cell carcinoma (OSCC) patients is affected by tumor recurrence and metastasis, and cancer stem cells are hypothesized to be involved in these processes. Thus, the aim of the present study was to determine whether the expression levels of five stem cell-related transcription factors, sex determining region Y-box 2 (SOX2), octamer-binding transcription factor 4 (Oct4), avian myelocytomatosis viral oncogene homolog (c-Myc), Krüppel-like factor 4 (KLF4) and brachyury, are associated with metastasis and survival in OSCC. Immunohistochemistry was performed to analyze the expression of these proteins in biopsy specimens obtained from 108 OSCC patients. The results revealed that the expression of SOX2, Oct4, KLF4 and brachyury were significantly associated with lymph node metastasis (P=0.002, P=0.031, P=0.003 and P=0.007, respectively). In addition, the expression of KLF4 and brachyury were significantly associated with distant metastasis (P=0.014 and P=0.012, respectively). Furthermore, multivariate analysis revealed that SOX2 and KLF4 are predictive factors for lymph node metastasis [odds ratios (ORs), 4.526 and 4.851, respectively], and KLF4 is also a predictive factor for distant metastasis (OR, 9.607). In addition, OSCC patients with low co-expression of SOX2, KLF4 and brachyury exhibited a significantly lower disease-specific survival rate (78.6 vs. 100%; P=0.025; χ 2 =5.033) and disease-free survival rate (60.7 vs. 90.9%; P=0.015; χ 2 =5.897) when compared with OSCC patients with high co-expression of these factors. The results indicate that SOX2, KLF4 and brachyury serve important roles in tumor progression, and these transcription factors may thus represent clinically useful prognostic markers for OSCC.
Introduction
Oral squamous cell carcinoma (OSCC) accounts for 90% of all malignant head and neck tumors worldwide (1) . Furthermore, metastasis to regional lymph nodes and distant sites, which occurs in 40 and 10% of all OSCC cases, respectively, is associated with poor prognosis (2) . Although the underlying mechanisms of metastasis remain unclear, recent studies have demonstrated that a small subset of tumor cells known as cancer stem cells (CSCs), which exhibit similar characteristics to normal stem cells (including self-renewal and pluripotency), may be involved in cancer invasion and metastasis (3) .
Previous studies have revealed that the expression of four transcription factors [octamer-binding transcription factor 4 (Oct4), sex determining region Y-box 2 (SOX2), avian myelocytomatosis viral oncogene homolog (c-Myc) and Krüppel-like factor 4 (KLF4)] is sufficient to reprogram differentiated cells to pluripotency (4, 5) . SOX2 and Oct4 are important for maintaining self-renewal and pluripotency in pluripotent stem cells (6) . KLF4, which is involved in tissue development, differentiation and maintenance of homeostasis, may act as either an oncogene or a tumor suppressor in certain types of cancer, including gastric adenocarcinoma and colon cancer (7) (8) (9) factor that is involved in cell proliferation, differentiation and apoptosis (10) . In addition, the expression of these transcription factors is associated with several types of malignant cancer, including oesophageal (11) breast (12) , bladder (13) and lung cancer (14, 15) . However, the role of these genes in CSCs remains unclear. Recently, the T-box transcription factor brachyury, which is essential for mesoderm formation during early development (16, 17) , has been found to regulate the epithelial-mesenchymal transition (EMT) and CSC potential in human salivary carcinoma cells (18) (19) (20) (21) . In addition, brachyury expression was found to correlate with lymph node metastasis in OSCC (22) . However, to date, the association between SOX2, Oct4, KLF4, c-Myc and brachyury expression in OSCC has not been investigated. Therefore, the aim of the present study was to determine whether these transcription factors may represent potential CSC markers and prognostic factors for OSCC.
Materials and methods
Patients and tumor specimens. A total of 108 OSCC patients who were treated at the Department of Oral and Maxillofacial Surgery, Kyushu University Hospital (Fukuoka, Japan) between March 2001 and December 2006 were retrospectively enrolled in the present study. Pretreatment biopsies were obtained from 108 patients. Clinicopathological information, including age, gender, tumor size and location, nodal status, treatments and the presence or absence of disease recurrence and metastasis, was obtained from patient records. The protocol for this study was approved by the Ethics Committee of Kyushu University.
Histopathology and immunohistochemistry. Consecutive 4-µm sections were cut from formalin-fixed paraffin-embedded (FFPE) biopsy samples and deparaffinized with xylene, rehydrated in a graded alcohol series, and heat-treated with Target Retrieval Solution (Dako, Carpinteria, CA, USA) prior to histopathological and immunohistochemical analyses. Tumors were staged according to the International Union for Cancer Control tumor-node-metastasis classification system (7th edition) (23) . In addition, tumors were graded using World Health Organization criteria (24) and Anneroth's multifactorial classification system (25, 26) .
Immunohistochemistry was performed to analyze the expression patterns of SOX2, Oct4, c-Myc, KLF4 and brachyury in OSCC samples. FFPE sections were treated with 3% H 2 O 2 and serum-free protein in phosphate-buffered saline with 0.015 M sodium azide to block endogenous peroxide activity and nonspecific antibody binding. The sections were then incubated overnight at 4˚C with the following primary antibodies: Monoclonal rabbit anti-human SOX2 (clone D6D9; #3579; 1:50; Cell Signaling Technology, Inc., Danvers, MA, USA), polyclonal rabbit anti-human Oct4 (clone POU5F1; #2750; 1:100; Cell Signaling Technology, Inc.), polyclonal rabbit anti-brachyury (clone H-210; #sc-20109; 1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), monoclonal mouse anti-human c-Myc (clone 9E10; #sc-40; 1:200; Santa Cruz Biotechnology, Inc.) and monoclonal mouse anti-human KLF4 (clone AT4E6; #NBP1-50367; 1:100; Novus Biologicals, LLC, Littleton, CO, USA). Subsequently, immunostaining was visualized with the CSA II Biotin-Free Tyramide Signal Amplification System (Dako), CSA II Rabbit Link amplification reagent (Dako) and 3,3'-diaminobenzidine according to the manufacturer's instructions. Briefly, the sections were incubated with horseradish-peroxidase conjugated anti-mouse or rabbit IgG secondary antibodies (CSA II Biotin-Free Tyramide Signal Amplification System; Dako) for 15 min at room temperature, followed by incubation with CSA II amplification reagent (Dako) and 3,3'-diaminobenzidine. Finally, the sections were counterstained with 0.5% hematoxylin.
The staining pattern was evaluated at three randomly selected locations along the invasive edge of OSCC tumors using an optical microscope equipped with a charge-coupled device camera (BZ-9000; Keyence Corporation, Osaka, Japan). Specifically, the intensity of staining was quantified as the difference between the mean pixel density in 10 randomly selected stained carcinoma cells and that of the background using the BZ-II Analyzer (Keyence Corporation). To account for staining heterogeneity, the expression intensity (EI) of a protein was defined as the ratio of the immunostain density in the nuclei of tumor cells to that of normal basal epithelial cells in the same OSCC sample (Table IA; Fig. 1 ), according to the following formula: EI = (mean density of positive signal in OSCC cells -mean density of background staining) / (mean density of positive signal in normal cells -mean density of background staining). The results were classified into two groups (high or low expression) for each protein according to the mean value, as shown in Table IA .
The positive expression ratio (ER) was calculated as the ratio of positively stained nuclei to total number of carcinoma cells in each field. The results were classified into two groups (high or low expression) for each protein according to the median value, as shown in Table IB . All samples were scored by two independent pathologists who were blinded to the patient's clinical information and diagnosis.
Statistical analysis. The associations between protein expression and clinicopathological factors were assessed using the χ 2 test and Fisher's exact test. Univariate and multivariate logistic regression analyses were performed to identify independent risk factors for lymph node and distant metastasis. Overall survival, disease-specific survival and disease-free survival were analyzed with the Kaplan-Meier method and the log-rank test. P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS 22.0 statistical software (SPSS, Inc., Chicago, IL, USA).
Results
Patient characteristics. The patient cohort included 69 males and 39 females, with a median age of 62 years (range, 24-85 years). Primary OSCC tumors were most frequently identified on the tongue (55/108; 50.9%). Lymph node metastasis occurred in 40/108 patients (37.0%) and distant metastasis occurred in 9/108 patients (8.3%). The median follow-up period was 60 months (range, 5-60 months). Further patient characteristics are shown in Table II .
Subcellular localization of SOX2, Oct4, KLF4, c-Myc and brachyury expression. SOX2, Oct4, c-Myc and brachyury
were predominantly localized to the nucleus of OSCC cells; however, in certain cases, they were localized to the cytoplasm and nucleus (Fig. 2) . KLF4 was primarily localized to the cytoplasm and nucleus of OSCC cells. All proteins were also detected in the nucleus of normal basal epithelial cells.
Association between SOX2, Oct4, KLF4, c-Myc and brachyury expression and clinicopathological factors.
The median ERs of SOX2, Oct4, KLF4, c-Myc and brachyury, which were used as the cut-off values for low or high expression, were 66.6, 54.7, 66.7, 71.9 and 71.9%, respectively A B C (Fig. 3) . The EIs and ERs of these transcription factors were found to be significantly associated with several clinicopathological factors (Tables II-IV) . For example, c-Myc EI was significantly associated with clinical tumor stage (P=0.003), while SOX2, Oct4, KLF4 and brachyury EIs were significantly associated with lymph node metastasis (P=0.002, P= 0.031, P= 0.003 and P= 0.007, respectively) ( Table II) . KLF4 and brachyury EIs were also significantly associated with distant metastasis (P=0.014 and P=0.012, respectively). However, no significant differences were identified between the EIs of these proteins and the degree of tumor differentiation. Notably, the EIs of SOX2, Oct4 and brachyury were significantly associated with Anneroth scores (P<0.001, P=0.007 and P<0.001, respectively). χ 2 tests revealed that the EIs of SOX2, KLF4 and brachyury in tumors with an Anneroth score of 3 were significantly associated with lymph node metastasis (P=0.015, P=0.005 and P=0.025, respectively) (Table V) . However, no significant differences In addition, clinical tumor stage was significantly associated with Oct4 and KLF4 ERs (P= 0.048 and P= 0.028, respectively) (Table III) . Lymph node metastasis was significantly associated with Oct4 ER (P= 0.046) and distant metastasis was significantly associated with SOX2 (P=0.016). Anneroth scores were significantly associated with SOX2, Oct4, KLF4, c-Myc and brachyury ERs (P= 0.005, P= 0.019, P= 0.003, P= 0.019 and P= 0.010, respectively); however, only Oct4 expression was significantly associated with tumor differentiation (P=0.012).
Predictive factors for lymph node and distant metastasis. As the results of the present study indicated that lymph node and distant metastases were more significantly associated with EI than ER, whether SOX2, Oct4, KLF4, c-Myc and brachyury EIs are significant predictive factors for lymph node and distant metastases was investigated. Univariate analyses revealed that high SOX2, Oct4, KLF4 and brachyury EIs were significantly associated with lymph node metastasis [odds ratios (ORs), 3.875, 2.391, 3.355 and 3.000, respectively], and high KLF4 and brachyury EIs were associated with distant metastasis (ORs, 9.600 and 10.000, respectively) ( associations between the five-year overall survival rates of OSCC patients and the EIs of SOX2, Oct4, KLF4, c-Myc or brachyury were identified (Fig. 4A) . However, the five-year disease-specific survival rates of OSCC patients with high SOX2 and brachyury expression were significantly decreased when compared with those exhibiting low expression [SOX2, 87.3% vs. 100%, respectively (P=0.015; χ 2 =5.891); brachyury, 86.5% vs. 98.2%, respectively (P= 0.023; χ 2 =5.201); Fig. 4B ]. In addition, the five-year disease-free survival rates of OSCC patients with high Oct4 and KLF4 expression were significantly decreased when compared with those exhibiting low expression [Oct4, 62.2% vs. 84.1%, respectively (P=0.006; χ 2 =7.519); KLF4, 66.0% vs. 83.6%, respectively (P=0.029; χ 2 =4.758); Fig. 4C ].
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As SOX2, KLF4 and brachyury EIs were found to be associated with lymph node and distant metastasis in this study, the association between patient survival and the co-expression of SOX2, KLF4 and brachyury was also investigated. The results revealed that the co-expression of SOX2, KLF4 and brachyury was not significantly associated with overall survival (Fig. 5A) . However, the five-year disease-specific survival rate of patients with high co-expression of these proteins was decreased when compared with that of patients exhibiting low co-expression (78.6% vs. 100%, respectively; P= 0.025; χ 2 =5.033) (Fig. 5B) . Similarly, the five-year disease-free survival rate of patients with high co-expression was decreased compared with that of patients exhibiting low co-expression (60.7% vs. 90.9%, respectively; P= 0.015; χ 2 =5.897) (Fig. 5C ).
Discussion
The self-renewal and pluripotent properties of CSCs, which are hypothesized to enable primary tumors to metastasize (27, 28) , indicate that their identification in tumor samples may be important for cancer diagnosis and treatment. However, to date, few CSC markers in OSCC have been identified (29, 30) . The results of the current study indicate that SOX2, KLF4 and brachyury may present clinically useful CSC markers, and their expression levels may be prognostic factors for OSCC. The expression levels of these transcription factors were quantified in terms of EI and ER, which reflect the level of protein expression and the number of cells expressing a protein, respectively. As high expression levels of CSC-related transcription factors may promote tumorigenesis (31, 32) , EI may also be a measure of tumor invasiveness and local metastasis. Similarly, as large numbers of CSCs increase the chance that some will maintain stemness when they disseminate to other sites (33) , ER may be a measure of the likelihood of distant metastasis. Thus, the EI and ER of CSC-related transcription factors may be associated with survival outcomes in cancer patients. The results of the present study revealed that SOX2 EI and ER were significantly associated with lymph node metastasis and distant metastasis, respectively, indicating that SOX2 expression is involved in OSCC metastasis. In addition, the significant association between high SOX2 expression and reduced five-year disease-specific survival rate indicates that SOX2 may be a prognostic factor in OSCC patients. These results are consistent with those of previous reports, which have revealed that SOX2 is associated with poor prognosis in several types of cancer (12, 13, 15, 34, 35) . Furthermore, SOX2 regulates stemness (36) and upregulates CSC-related gene expression in skin squamous cell carcinoma, and helps maintain neural stem cells (37) .
Similarly, a significant association between KLF4 EI and lymph node metastasis was identified in the present study; however, this association was not observed between KLF4 ER and distant metastasis, which indicates that KLF4 may be less important for metastasis than SOX2. Furthermore, the association identified between high KLF4 EI and decreased five-year disease-free survival rate in OSCC patients is A B C consistent with the association between increased nuclear expression of KLF4 and poor prognosis in breast cancer and head and neck cancer patients, which has been reported in previous studies (38, 39) .
In the present study brachyury EI was found to significantly correlate with lymph node metastasis, distant metastasis and Anneroth scores, which indicates that brachyury is also involved in OSCC metastasis. These results are consistent with those of previous studies, which revealed that silencing brachyury expression inhibits tumor formation and metastasis in human adenoid cystic carcinoma cells (19, 20) . In addition, a previous study revealed that brachyury expression is associated with EMT and lymph node metastasis in OSCC patients (22) .
The results of the present study found that c-Myc EI and ER were not associated with lymph node or distant metastasis. By contrast, Oct4 EI and ER were significantly associated with lymph node metastasis and Anneroth scores, which suggests that Oct4 may be involved in tumor metastasis. c-Myc EI was only significantly associated with clinical tumor stage, which is consistent with its reported association with tumorigenesis and sustained tumor growth (40) .
Two conclusions may be drawn from the results of the present study. Firstly, the EI of CSC markers is a better indicator of metastasis and survival than ER in OSCC patients. This may be due to the relative uniformity of ER in normal and tumor cells in biopsy specimens (data not shown). In addition, the normal expression level of the transcription factors examined in this study was higher in OSCC tissue samples than in noncancerous tissue samples. Secondly, high SOX2, KLF4 and brachyury expression is significantly associated with tumor invasion and metastasis, as well as decreased disease-specific survival and disease-free survival, in OSCC patients. Thus, these transcription factors may be involved in tumor progression, and may represent clinically useful prognostic markers in OSCC.
In conclusion, the expression of SOX2, KLF4 and brachyury may present novel prognostic factors in OSCC and thus, the combined use of these factors and classical prognostic factors, such as Anneroth score, may improve the accuracy of metastasis prediction. Therefore, future prospective studies investigating clinical intervention in OSCC patients with positive SOX2, KLF4 and brachyury expression are required.
